Absence of Activated Murine Leukaemia Virus in X-irradiated
CBA/H-T6Crc Mice (Accepted 10 December 1980) SUMMARY CBA/H-T6Crc mice, a substrain that does not normally express demonstrable levels of murine leukaemia virus (MuLV) and has a low natural incidence of leukaemia, were examined for evidence of virus activation at various times following X-irradiation. Although X-irradiation caused a high incidence of leukaemia, no ecotropic, xenotropic or recombinant MuLV was detected by in vitro co-cultivation of bone marrow, spleen and thymus cells from pre-leukaemic and leukaemic animals with selectively permissive cell lines followed by indirect immunofluorescence for MuLV group-specific (gs) antigen. These results, therefore, are not consistent with the hypothesis that endogenous viruses are the universal aetiological agents of leukaemia.
X-irradiation, exposure to chemical carcinogens or immunosuppression may induce a wide range of malignancies in many species. The observation that such treatment frequently results in the activation of latent retroviruses has led to the suggestion that endogenous viruses are the universal aetiological agents of certain types of neoplasia rather than somatic mutation (Kaplan, 1978) . In mice, ecotropic type C murine leukaemia viruses (MuLV) have been known for a long time to be associated with the spontaneous leukaemia of AKR mice (Gross, 1951) and were considered to be responsible for the development of thymic lymphomas in X-irradiated C57B1/6 mice (Lieberman & Kaplan, 1959) . Although overt virus expression was rarely demonstrable in the tissues of leukaemic X-irradiated C57B1/6 mice (HaranGhera, 1966; Ihle et al., 1976) , Haas (1977) showed that ecotropic MuLV was induced transiently in the thymus and bone marrow for just a few weeks following irradiation and long before they became leukaemic. Furthermore, cell lines derived from C57B1/6 thymic lymphomas may harbour, in addition to non-leukaemogenic ecotropic and xenotropic MuLV, thymotropic virus that is highly leukaemogenic and which is thought to be a recombinant of ecotropic and xenotropic MuLV (Haas, 1978 : Lieberman et al., 1979 . However, studies of radiation-induced leukaemia in other strains of mice (Arnstein et al., 1976; Ihle, 1977; Harvey et al., 1979; Ellis et al., 1980) have failed to show a simple relationship between MuLV expression and leukaemogenesis, although few of the studies examined pre-leukaemic tissues and all were complicated by the presence of xenotropic MuLV. In view of these discordant results, we have attempted to clarify the situation by examining radiation leukaemogenesis in CBA/H-T6Crc mice, a substrain that does not normally express any infectious MuLV and from which virus is not readily activated using halogenated pyrimidines (M. Haas, personal communication) , even though molecular hybridization has demonstrated the presence of multiple copies of the viral genome (N. Teich, personal communication). Our results show that fractionated X-irradiation caused a high incidence of leukaemia in CBA/H-T6Crc mice, but failed to activate any ecotropic, xenotropic or recombinant MuLV in the lymphoid tissues of pre-leukaemic and leukaemic mice. We conclude that radiation leukaemia in mice is not invariably caused by activated MuLV.
It should be emphasized that we have confined our interest to the particular CBA substrain, CBA/H-T6Crc, the derivation of which has been described in full elsewhere 0022/1317/81/0000-4452 $02.00 © 1981 SGM 
Short communications Murine leukaemia virus detected as gs antigen by indirect immunofluorescenee in lymphoid tissues of irradiated and normal mice
* The SC l mouse cell line was used to detect ecotropic MuLV and the mink lung CCL-64 cell line to detect xenotropic MuLV. Sixty-ram Petri dishes were seeded with 10 -~ indicator cells in McCoy's 5A medium containing 10% unheatedfoetal calf serum and antibiotics. One day later, the cultures were treated with 2 ml 25 #g/ml DEAE dextran for 20 rain at 37 °C, rinsed and inoculated with 2 x t06 viable bone marrow, spleen or thymus cells that had been pretreated with 25 #g/ml mitomycin C for 20 rain at 37 °C and washed three times. After 5 days the indicator cells were passaged and examined for virus infection as gs antigen by indirect immunofluorescence (IF) using a goat antiserum to disrupted Moloney MuLV (lot 775-591, NCI) followed by a FITC-labelled anti-goat serum (lot 5082201, NCI) with a 5% rhodamine-labelled bovine serum albumin counter-stain. The endpoint titre of the antiserum tested against mouse cells irffected with ecotropic MuLV was 1/640: a 1/30 dilution was used throughout. After a further 4 to 5 days, the passaged cells were again screened for immunofluore~cence and IF-negative cultures passaged and tested twice more. Uninfected control cell lines were passaged and tested concurrently. Positive (virus-producing) and negative cells were always included in each batch of IF tests in addition to appropriate serum controls.
t One animal tested only at passage 1. $ Two animals tested only at passage 1. § sT, Not tested. (Barnes & Tuffrey, 1974) . A total of 32 male and 32 female mice were X-irradiated using a schedule known to induce a high incidence of leukaemia (Kaplan & Brown, 1952) namely, four exposures to 175 R delivered from a 2000 Ci 6°Co source at 4-day intervals commencing at 5 weeks old, At various times during the 7 weeks following the last dose of X-irradiation, 22 mice in groups of two or four (equal numbers of each sex) were killed. Spleen, thymus and bone marrow cells were suspended in McCoy's 5A medium containing 10% unheated foetal calf serum (Flow Laboratories) and 10% dimethyl sulphoxide and stored in liquid nitrogen so that they could be assayed for virus at a later date. The remaining mice were examined at regular intervals and individuals sacrificed when they showed obvious signs of ill health, If the animals were not macroscopically lymphomatous at autopsy (enlarged thymus with or without splenomegaly and variable lymphadenopathy) a representative selection of tissues were taken for histology. In a number of cases, spleen, thymus and bone marrow cells were collected from lymphomatous animals and stored in liquid nitrogen as described above.
The lymphoid tissues were assayed for virus by co-cultivation in vitro with selectively permissive cell lines (Melief et al., 1975) , the latter were then screened for ecotropic and xenotropic MuLV as viral group-specific (gs) antigens by indirect immunofluorescence (IF) (Hilgers et al., 1972) . The SC 1 (Hartley & Rowe, 1975 ) mouse cell line was permissive for both N-and B-tropic ecotropic virus (Gisselbrecht et al., 1974) and the mink lung line CCL-64 (Henderson et al., 1974) for xenotropic virus. Recombinant virus would infect both the mouse and the mink cells and possibly produce morphological changes in the latter (Hartley et al., 1977; Vogt, 1979) . Cell lines which initially showed no signs of infection were successively passaged and tested up to four times at intervals of 4 to 7 days depending on cell growth. Control cell lines were passaged and tested concurrently. Examination of the lymphoid tissues of the 22 mice killed at various times ranging from 3 to 50 days after completion of the X-irradiation schedule failed to demonstrate the presence of any ecotropic or xenotropic MuLV (Table 1) . Lymphoid tissues from AKR mice, a strain that spontaneously expresses both ecotropic and xenotropic MuLV, and NZB, which expresses xenotropic but not ecotropic MuLV were included as positive virus controls. The failure to demonstrate xenotropic MuLV in thymocytes of young AKR mice is in agreement with the finding of Kawashima et aL (1976) . As an additional control, the mink ceil focus-inducing envelope-gene recombinant MuLV AKR 247 (kindly provided by Dr W. Rowe, NIH, Bethesda, Md, U.S.A.) was shown to readily infect both the SC 1 and CCL-64 cell lines used in our co-cultivation assay (data not shown).
Of the remaining 42 mice, four died of wasting shortly after irradiation, 12 were killed sick at between 24 and 58 weeks old, and were found to be leukaemic when examined at a post-mortem, two died but were not available for post-mortem examination and 24 remained alive at the time of writing (60 weeks old). Ten of the 12 leukaemic mice had a grossly enlarged thymus, generally associated with splenomegaly and enlarged lymph nodes. Of the two remaining leukaemic mice, the diagnosis was based upon splenomegaly with or without lymphadenopathy and was confirmed histologically. Of particular interest was the observation that female CBA/H-T6Crc mice appeared to be considerably more susceptible to the effects of irradiation than males, accounting for 10 of the 12 leukaemic animals.
The incidence of X-irradiation-induced leukaemia in CBA/H-T6Crc mice reached 29 % (12 out of 42) by 60 weeks old. This is in marked contrast to normal unirradiated CBA/H-T6Crc mice which we have previously shown to have a negligible incidence of leukaemia (Barnes & Tuffrey, 1974) . Out of the 73 mice then examined, no tumours were found before 65 weeks old and only three hepatomas and~two adenocarcinomas of the lung were found by the time of elective sacrifice at 68 to 89 weeks old.
Six of the macroscopically lymphomatous animals were selected for virological examination. The results (Table 2) show that no ecotropic or xenotropic MuLV was detected in any of the three different lymphoid tissues from each animal examined. Thus, we have failed to demonstrate activation of latent MuLV in both overtly leukaemic animals and in pre-leukaemic animals killed at various times ranging from 3 to 50 days after irradiation, the period during which Haas (1977) Although it seems likely from studies of radiation leukaemogenesis in C57B 1/6 mice that leukaemogenic viruses are involved in this particular strain and that certain virus isolates are highly leukaemogenic, our findings show that not all examples of radiation leukaemogenesis are the direct result of activation of MuLV and that in certain strains of mice, particulai'ly those that normally express little endogenous virus, X-irradiation may act directly as a mutagenic agent, thereby producing neoplastic transformation. Thus, our results are not consistent with the hypothesis that endogenous viruses are the universal aetiological agents of leukaemia.
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